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Study of atomic structures of Li-like Al in dense plasmas

LI Xiang-Fu'?, JIANG Gang**
(1. College of Electrical Engineering, LLongdong University, Qingyang 745000, China;
2. Institute of Atomic and Molecular Physics, Sichuan University, Chengdu 610065, China;
3. Key Laboratory of High Energy Density Physics and Technology of Ministry of Education,
Sichuan University, Chengdu 610065, China)

Abstract: The study of atomic structures in dense plasmas has a very important reference value for plas-
ma diagnosis and astronomical observation. The MCDF method combined with ion sphere model are used
in this work to investigate the influence of dense plasmas on the energy levels and transition parameters
(transition energies, transition probabilities and oscillator strengths) of the Li-like Al ion in dense plas-
mas. With the increase of plasma screening intensity, the changes of the atomic structural parameters
mentioned above are listed below: The energy levels of 1s*2p (*P,5,52) increase, but those of 1s*3s (*
Si2), 15%3p (*°Pijz.52) and 1s°3d (*Dsy.52) decrease. The transition parameters of transitions between
different principle quantum number n decrease. The transition parameters of transitions between the
same principle quantum number n increase, except that of 1s?3s (*S,/,) - 1s*3p (*Py/5.32). The transi-
tion parameters of transitions between 1s?3s (*S,;;) - 1s?3p (?Py/3.42) increase first and then decrease
with the rise of free electron densities. In the fine structures of one transition, the transition probabili-
ties and oscillator strengths for AJ=1 are greater, but those for AJ=0 are relatively smaller.
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Tab.1 The transition energies E, (in cmi!) and transition probabilities A (in s') of free Li-like Al ion,and x(y) indicates x><10*

Transition E, E337 Difl A ADs3] Dif2
15?25 (2S1/2) - 1s?2p(*Py/2) 176 686 176 019 0. 38 7.83(8) 7.68(8) 1. 96
1s?2s (2S12) - 122p(?P3)2) 182 911 181 808 0. 61 8.71(8) 8.51(8) 2.43
1s22s (2S12) - 1?3p(?Pyj2) 2 068 348 2 068 770 0.02 3.16(11) 3.18(11D) 0. 61
1s?2s (2Sy2) - 1*3p(?P3)2) 2070 184 2 070 520 0.02 3.13(1D 3.16(1D 0.83
1s22p(?P1y2) - 1s23s (2Sy)2) 1843 351 1 844 431 0. 06 4. 82(10) 4.80(10) 0.43
1s22p(?Ps/2) - 1s23s (?Sy)2) 1837 126 1 838 642 0.08 9. 75(10) 9.63(10) 1. 22
1s22p(?P12) - 1s23d (?Dsj2) 1910 772 1912 081 0.07 8.15(1D) 8.15(1D) 0. 06
1s22p(?P3/2) - 1s?3d (?Dsj2) 1904 547 1906 292 0.09 1.62(11) 1.61(11) 0. 85
1s22p(?Ps/5) - 1s23d (?Ds/2) 1 905 079 1906 722 0. 09 9.74(11) 9. 74(11) 0.03
1s?3s (?Sy2) - 1?3p(?Py)2) 48 309 48 320 0.02 9.80(7) 9.82(7) 0.20
1s%3s (2Sy2) - 1s*3p(®Py/2) 50 145 50 070 0. 15 1. 10(8) 1. 09(8) 0.75
1s23p(?Py/2) - 1s23d (?Dy/2) 19 111 19 330 1.13 3.97(6) 4. 11(6) 3.45
1s23p(?Ps/5) - 1s23d (?Dy/2) 17 275 17 580 1.73 5.86(5) 6. 18(5) 5.22
1s23p(?P3/5) - 1s?3d (?Ds2) 17 807 18 010 1.13 3.85(6) 3.99(6) 3.43

L dif L dif2 SRR A ST A BRIT REANERIT LA 5 NIST SR EDS AR R 22,

*2 WBEBTEPLEEFTFHRRE (BAI: com')
Tab. 2 The energy levels E (in em) of the Li-like Al ion in dense plasmas

ni(em™®) 1s?2p(?Pyy2) 1s?2p(*Ps2) 1s23s(%S)/2) 1s?3p(?Py2) 1s?3p(?Ps/2) 1s?3d(*Ds/2) 1s23d(*Ds/2)
0 176 686 182 911 2020 038 2 068 348 2070 184 2 087 459 2 087 991

1.0(22) 176 732 182 957 2019 179 2 067 570 2 069 404 2 086 958 2 087 490

5.0(22) 176 915 183 137 2015 728 2 064 448 2066 271 2 084 947 2 085 475

8.0(22) 177 053 183 272 2013127 2 062 092 2 063 907 2 083 429 2 083 955

1.0(23) 177 144 183 362 2 011 386 2 060 515 2 062 325 2 082 413 2 082 937

3.00(23) 178 061 184 265 1993 658 2 044 419 2046 173 2072 026 2072 538

5.0(23) 178 979 185 168 1 975 059 2 027 445 2029 132 2 061 106 2 061 597

7.0(23) 179 898 186 072 1954 780 2 008 808 2 010 396 2049 277 2 049 738

9.0(23) 180 818 186 978 1931 946 1 987 648 1989 082 2 036 038 2 037 210

1.024) 181 279 187 431 1919 390 1975 925 1977 257 2 029 882 2 030 242

1. 124 181 740 187 884 1 909 859 1963 379 1964 592 2022 517 2 022 846

1.224) 182 201 188 338 1 896 861 1949 975 1951 054 2 014 646 2014 873

1.324) 182 662 188 791 1883 218 1935 735 1936 667 2 006 227 2 006 364

1.424) 183 124 189 246 1 868 873 1920 602 1921 378 1997 159 1993 566

1.524) 183 586 189 700 1853 915 1904 620 1905 234 1982 891 1982 787

3.0(24) 190 560 196 554

5.0(24) 199 530 205 324

7.0024) 208 522 214 030

9.0(24) 216 964 222 069

1. 0(25) 221 251 226 104

1. 1(25) 225 510 230 081

1. 2(25) 229 687 233 942

1. 3(25) 233 623 237 533

1. 4(25) 237 331 240 868

1.5(25) 240 647 243 786

1.6(25) 243 935 246 653
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